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V.  K.  mgajr 

Preaented  are  reaulta  of  axperinentally  Inraetigatinc  the^feet  of  Tarioua  geo' 
metric  peraiaatere  oa  the  effeetiveaesa  of  a  finned  dlfftiaer* 

In[i«la2^  waa  introduced  a  new  aiathod  of  raiain^  tha  effaetlTeneaa  of  dj(f ftiaors 
with  greater  angle  of  opening  by  placing  a  apeeial  tranaveraa  fin  arrangament  on  its 
walla,  the  intenaiTc  maero  separation  of  tha  flea  is  replaced  in  this  ease  by  a  aystam 
of  amall  aaperationa.  whieh*  as  was  shown  by  aumerooa  azperimenta.  leads  to  a  sharp 
ixieraase  in  tha  effeetiTenees  of  the  installatioiu  No  doubt  there  is  practical  interest 
in  stoflyii^  tbs  affect  of  the  an^  of  arpanaica  •  paraaaters  of  finned  system*  foasn 
of  diffbaor  and*  especialljr*  anxmlar  finned  diffnsors*  in  eonaaetion  with  the  possi* 
bilil^  of  enpltplng  these  diffUacrs  in  torbo-nmohinea*  Tha  inrestigatiaas  were  aada 
on  an  air  Installation  (fig*l).  All  dlflbaora  had  idaatieal  length  1  ■  lSt5  ha  Aod 
identical  dlsnater  at  input  dx  •  100  aawTba  field  coefficient  at  input  into  tha  diffh- 
■cr  fx  0*95«  Statie  pressure  at  input  into  the  diffuser  was  detavainad  in  tha 

8ection*earreapondlng  to  mini  nun  static  pressuxa  along  tha  length  of  the  eyliadrieal 
part*  availing  2dx.  Atnospherie  pressure  was  accepted  as  counter  pressure.  Investi¬ 
gated  ware  round  and  annular  diffusers  with  full  angle  of  cons  opening  ^  22*  31*40*£o** 
■sooth  and  finnad  raspaetively*  Annular  diffusers  were  fomad  by  means  of  eyliadrieal 
rouat  iaaarta  d  •  40*60  aa*  which  wore  aMamtud  by  nags  with  three  stramdUMi 
dial  fSns*plaeed  at  an  angle  of  120*  with  reapeet  to  eaeh  other*  DiflUsora  ware  aada 
of  Depth  of  bored  grooves  aaTte*  width  b  m  3  ■■*thiekne8S  of  ribs  t  ■  1*5  n* 

Ibe  first  inter-f in  hollow  was  made  at  a  distanee  of  3  bb  fren  input  edge*Saeh  finnad 
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diffuser  had  11  groorss*  Ihs  effeetiToness  of  the  diffusors  was  esaluatad  bgr  the  afft* 


ele&ejr  Talas 
thorou^^koass  of  isoaet 


^Ct.l  -  PtTtI 


/ 

a 


(a  -  degree  of  diffuaOr  •xpu^a^oa^  ajod  resisteace  eoeffleient 


P>~p, 


The  dependence  of  Talne?^  upon  the  Re  number  or  upon  the  rate  at  iapat  into  tbs 
diffuser  for  finned  diffusors  with  /^*  22«  31>»  40  bad  the  Torjf  seas  nators 
as  for  sBooth  onaa,  with  exception  of  ease  1^  31*  (fig*2)a  7or  all  diffaaors  in  this 
eaaa  was  obaanred  a  ndninuai  for  at  w;^  50>60  i^aee* 


figala&hamatie  of  experimental  iastallatioa 
Ve  want  to  point  out*  that  the  Tains  T^aSUa/i^  ^0.09a  i»e«rednetloa  of  is  assiU»  Has 
presence  of  a  mlnjissn  should  be  explained  by  possible  origination  at  these  Teloeities 
of  periodic  phenoBoana  (  aooustie  irradiation  of  inter^fin  hollows),  wbid^  as  sbosn 
bgr  spasisd  SBpertBiants,  do  somewhat  reduee  the  effect* 

The  nsntloBsd  aeoustie  irradiation  origfnatss  as  result  of  resosnsas,  lAan  tts  fTs- 
qjuency  of  separation  of  eddies  from  the  ends  of  the  ribs  and  the  natural  sseiUation 
freg]uenaar  of  air  toIubss  in  the  inter-fin  hollows  eoincide.  By  seleeting  the  ceoBstxy 
of  sroonres  it  is  possible  to  attain  elimination  of  these  effects*  This  prohlaa  revilrsa 
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fturthar  •laeitetioa. 

^  ^ie*3  ***  ei'**n  data  for  tha  easa  40*»  la  fig»4  is  glTsa  tha  dapandaaaa 
of  tha  afrieiaaoy  ratio  of  finned  diffnsoera  respaetlTaly  the  dapandenea  of  affielaaejr 
of  aaooth  diffuaora  upoa  the  angle  As  is  eTldent  fron  tha  graphSctba  'ralaa  of 
/fl  J>sa  a  mn-r^nrntm  at  ^  40“45®»  ^  *“*0  ”7^ Tiae  by  2,2  -  2,4  tinea  in 

caapariaoB  with  saooth  diffnaor  (lower  *  flnnedj  •  When /3^40**45^  ralua  ^fjp/ 
^onooth  iacreesea.  Aa  v&a  ebown  by|2j  the  necesaery  condition  for  poaitlTe  effect  of 
transTeraa  ribbing  (fine)  la  the  fact,  that  the  first  groore  should  ba  pieced  in  tha 
nonsaparating  zona.  At  greater  opening  angles  (^^  60^)  the  flew  separataa  at  tha  input 
section  of  the  diffnaor  and  no  active  flow  is  directed  around  tha  riba  (fina), 

7or  the  caaa  where were  carried  out  special  investigations  on  the  jrof lling 
of  tha  input  edge  of  the  diffuser. 


Fig,2,  Effectiveness  of  diffUsor  with^  3i^ 

l^round  smooth  diffUsor  n  >  4l  (/  ^  *  ^•44l  2»round  finned  diffb*' 

sor  n  ■  4i  0.5581  xisO,6l6|  3”  annular  onooth  diffnaor  i^4«57i  V’*  0.765t  82/di 
■  40/IOO1  JQS  0^(83}  4>  annular  finned  diffnaor  n  ■  4»57{^*  0,4681  82/8^  ■  40AM| 
ziBO,666|  3*  annular  finned  diffUsor  a^3*7l  <£*  0,356|  *  0,6|  xis0,73l 

^iiaonalsr  oooth  diffusor  n  >  3*7t  *^,631  02/81  •  0,6|  zi  ■  0,3^* 


nw  input  edge  was  made  with  various  larger  curvature  radii,  position  of  tha 
first  intarfin  hoUou  varied  all  the  way  up  to  the  point  of  malfing  anna  Airaatly  on 
the  input  edge.  But  all  these  aeasuras  lad  to  no  origination  of  tha  effacti  4ba  ait. 
fieieaey  of  a  flnnad  diffusor  in  all  instances  was  aqoal  to  'ttia  affieianogr  of  tha 
smooth  diffUtor,  In  this  way,  the  use  of  finnad  diffusers  f or  ^^35*60*  is  not  ratio* 
naU  Ihe  mentioned  conclusion  is  valid  only  for  diffusers  without  support,  for  tha 
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lattev  tb«  upper  liolt  for  /Se  displaced  in  direction  of  cheater  In  the  mbs  of  <0* 
40*  BO  experimental  points  bsTS  been  obtaiaad*  It  abonU  be  assumed  that  in  the 
sectioa  of  this  some  60*)  the  noreDent  in  the  finned  diffbsor  will  be  unstAle* 
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7id*3*^foetiTaneaa  of  diffnsoer  with  40** 

I>round  SDooth  diffusoc  n  «  5*85l  <f  *  z1b0»26|  2>roiind  finned  diffuser  x»^«85i 

y  B  0a424l  xi  ■  0»67t  >«nimlar  smooth  diffuser  n  *  6*85t  ■  0»94l  82/dx  *  0«4l 

j±m  0a294i  4‘~oiumlar  finned  dif fttsoc  df  6*85|(/>b  0»38B|  82/8^  *  0»4t  ziB0*7» 

5-annular  mnooth  diffusor  np8a88}j^B  0»8l4t  d^d^  «  0*6|  xi«Oa35l  fe^nnular  finned 
dlf fusor  BF>8a68|  0»296|  82/81  >  0»6|  zl  «  0*7^ 

l^ansrarsa  ribbing  ie  effectiTe  in  this  eaae»  when  tbere  is  ecnsidereble  flew 
seperation  and  reverse  currents*  wherebgr  the  more  intensive  these  phenomsee 

(to  the  ebore  mentionad  maximal)  the  higlhar  is  the  effeetivanass  of  finned  diffusor* 

Vhei  the  flow  is  directed  around  a  finned  systsB  in  the  inteivrlb  hollows  /“'^observed 
regular  eddiest  for  the  fomation  of  which  is  connumsd  a  speeifie  part  of  enevgjr  of 
the  basic  stream.  When  40-50*  this  energy  is  of  one  order*  With  a  decrease  in^<j 

40*50^  the  intensity  of  seperation  in  the  sooth  diffhsor  is  relatively  decreased 
and  oonsaqitMatly,  the  favorable  effect  of  transverse  finning*  alimlBating  nero  aapara* 
tion  of  the  floe  and  creating  additional  losses*  on  tbs  formation  of  regular  eddies 
oioroseparations*deereases.  nils  ezplais  the  drop  in  veins  with  the  redue- 

tion  inM<40-50*). 

When  20*  the  losses*  connected  with  soroaaparatiam  and  during  flow  around. 


the  ribs*  beeoms  approKintely  identical  and  the  ribbing  in  this  csss  frs  the  view 
point  of  effieienoy  is  practically  ineffective*  The  dotted  curve  in  fig*4  rspressts 
data  for  round  finned  diffUsors  converted  into  the  veins  of  impact  completeness^* 


As  is  knowo*  the  value  ^  depends  weakly  upon  the  de^ea  of  expansion  n  (especially 
at  snail  a)  and  this  eorve  appears  to  be  universal  for  round  diffusers* 

Fig*5  contains  data,  obtalxwd  for  round  finned  diffusers,  eosunrable  with  known 


Fig*4*^paBdsnoe  of  dlffoscr  effeetlvenass  upon  mgle  of  expnaslon/3* 
l^rousd  diffUsoT}  2^nnalar4  *  0*4l  3>  annalari  d2/d]^  ■  0*6|  iH^oond  diffnaori 

Va  want  to  point  out  that  if  tin  Tainliman  for  anooth  diffusers  is  observed 
then  for  finned  dlffusors  it  is  displaced  and  in  eonfomity  with  aboee  ntntiosMd  oXx- 
euaatanees  it  equals AO*  (  slope  of  curve  at^<^  20*  is  of  no  praetieal  interest)* 
In  this  way,lt  is  most  reasonable  to  use  finaad  diffunors  at  greater  openiag  ani^s  • 
of  the  order  of  AO** 


For  annular  diffusors,  as  is  evident  frost  data  in  fig*Ae,the  use  of  flna  gives  a 
relative  apprexinate  sane  effect,  as  for  round  ones*  A  certain  alight  reduetion  in 
the  valna  'rj  annular  diffusor  in  eonpariaon  with  the  round  one  is  eon* 


i-rr-rr- 63-06/1 -*2 


aeeted  with  tbm  faet«  that  Inaarta  radooa  soatwhat  tha  iDtaaaitjr  of  flow  aaparatiat 
In  ecngaurlaoB  with  roond  etffhnagra,  as  rasult  of  which  ths  ralatiTs  sffaat  of  finaing, 
sUjBinBting  >Baerc>aeparatioa«  decraasas  ■Hgwaiy,  . 

In  flg«6»  ara  glvan  waloeity  fields*  aaasurad  bgr  snaanoBstria  tabes  at  ths  ontput 
from  tba  axumlar  diffiisor  in  three  saetioos*aituatad  at  an  angle  of  120*  ralstiTo  to 
each  other.  The  Teloeitiaa  ware  dateminad  bp  indies tions  of  abaoluta  and  static  iraa- 
aura  tubas.  It  was  astahliahad  first*  bp  stadping  ailk  threads*  that  the  flow  at  tha  out 
put  nowaa  eantinuoualp*  which  is  eonfinad  bp  pneunonatrie  neaauramants. 

Tha  Telocity  fiaUs  for  smooth  diffusers 
wars  not  aaasurad  in  eoonaetad  with  flow  in 
stability  in  thasa  diffOsors  (nonstOfeiooarp 
separation).  In  this  wap*tran8Toraa  fizmiag 
aubstentiallp  iaproras  tha  Talooity  profils 
at  output  from  diffusor.  This  eireumstanes  is 
of  spaeial  importanoo.  Sds  is  i»portaBk*fer 
azam(pla*when  a  radial  diffusor  is  placed  behind 

of  tha  eoefficiant  of  an  aidal  one* 
iiqpaot  ecavletomasa  upon  the  anc^  of  A 

diffusor  ezpansloB*  In  a  aoooth  diffusor  at(!V  20*  there  are 

l.aoeording  to  GtLpaon^^and  BBters\Mn 

2-finnsd  diffusers.  ^  substantial  flow  saparatioos  and  tha  field 

(tf  Teloeltias  at  tha  output  fPem  such  a  diffusor  will  hawe  rarerse  currants.  With  raapact 
to  effielancp  a  finned  diffusor  with  '^>>^0*  is  aquiialant  to  a  smooth  one  withl3«  20* 
(flg*5)*  but  the  field  of  Teloeltias  at  the  output  from  a  finned  diffusor  is  more  uni- 
forsw  In  eases  whara  tha  uniforsiity  of  tba  Telocity  field  directlp  at  the  outpit  is 
of  considerable  Talus*  the  finned  diffusor  will  hSTs  an  additiaUll  adusatags  orar  tbm 
smooth  diffusor  with  20**  and  it  is  possible*  also  in  frmt  of  smooth  diffusers  witt 
SDBllar  angles  of  opening.  Hera  is  naoasaarp  to  ksap  in  nlnd%  that  tha  mentioned  ribbing  ii 
affaetiTa  onlp  at  eoatinnaas  antrp  of  tha  flow  into  the  diflUsor.  In  case  of  absanoa 
of  such  it  is  nacassaxx  'to  assure  a  definite  stabilising  sactiom  at  tha  iuint* 
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IbsolTtd  reoaina  the  problcn.  eoaaaraiae  thacffaet  of  flow  twiat  at  the  iqpat  into  o 
finned  diffoaw* 

At  the  XSKII  waa  teated  a  greator  atshbeo 
of  finned  dlffUaoiro  of  different  t|ppea« 
fr-i]  gave  resulta  of  inrestigating  diffO- 
sora  of  snail  dimanaiona  100)1  in 

thla  report  are  giren  data  for  diffttaora 
with  d^sxoo  nn«  In  thla  and  in  the  other 
casea  the  effeotiTenasa  of  the  dlffttaor 
waa  approocimateljr  doubled.  In  thla  way 

fig*6*  Telocity  fielda  in  an  anaolar 
it  can  be  assmaadt  that  the  scale  affaet  finned  diffuaonr  *  40^1  do/d,  ■  0»6««i>b 

50  i^soe.  ‘ 

at  least  in  the  InTastigatad  hono  at  ra¬ 
tional  planning  of  fina,  does  not  affaet  tha  effaetlwaiaeaa  of  finned  Ofate^ 

Iha  effaet  of  fin  ballot  (dapUh  of  ifyoooa) 
widift  of  groove  and  nunber  of  riba  .wea  iaves- 
tigated  for  the  oonvenienea  of  tba  exparisaat 
on  a  plane  nodal  of  a  diffaaor  with  cne-aidad 
axpanaion  (iagput  90X70  iaa)»  output  180X70  ai^ 
angle  of  opening  one  of  tba  eidaa  21*|  tha 
saeond  wall  waa  ^  straight*)  Dm  effective 
ness  of  tha  diffosora  was  evaluated  by  the 

Tig*7*  Araaswa  distribution  in  value  >)\*  Tha  azperinontal  resulta  are  listed 
inter-fin  hollows 1  ^ 

1-4-th  groovai  2-6-tb  groove {3-lli^th  groo  in  table,  where  data  are  presimtad  by  the 

TS. 

')^fia/T^m  ratio*  The  effect  of  groove  deptk  • 
(height  of  rib)  was  investigated  at  a  constant  width  of  the  groove  b  ■  5  »■  nnd  at 
tan  ribs  with  a  thickness  of  1*5  na*  The  first  inter-rib  hollow  is  situated  at  e 
distance  of  3  mu  froa  input  edge.  Obe  paranater  a  aegiired  velueat  Ig  2|4f 
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8}  10|  ]5i  20  xtn,  tell  depth*  (  •  «  0«5  1  m|  a/b  ■  o*l|  0*25)  to  d*t«riflM* 

tioa  of  th*  flew  _  4,^)  Ttfloo*  tjrp**  of  aurfhe*  renchMBM*  do  likewiao 

intenaiiy  flew  aoparotion*  for  th*  oedgiaation  of  th*  *ff*et  •  ■nffieieat  ralativ* 
dopth  of  cpooTC  1*  oaeeaaarjr.  At  a/b  *  2-2«5  th*  *ddf  ijratoB  bagin*  ■tabilisiag,  aad  th* 
•affaetlTBO***  of  th*  Inatallatioa  do**  not  ri**« 

The  poaitiT*  affaet  oorlglaat**  in  th*  e«a*«wh*a  regular  addiaa  are  foraad*  for 
which  a  definite  groor*  depth  ia  xiaoaaaerp* 

In  addition  to  viaual  obaerrationa^i«3[]thB  praaene*  of  eddiaa  vaa  eoafiznad  hgr 
atatie  preaaura  mBaauramentat  for  whieh  in  the  flat  wall*  of  th«  difftoacr  in  point* 
eorreaponding  to  int*r*rib  hollow*  drainage*  ar*  aat  up  in  haight*  In  fig«7  are  ahowa 
preasur*  epurea*  obtained  by  the  indieatioa*  of  thaae  drainage  unit**  A*  ia  aTidant 
fron  the  ^rapha,  in  the  inTeatigated  groova*  ar*  obaatnrad  preaaura  mint  min*,  vharabgr  on 
the  bottom  of  the  groome  the  preasure  i*  reatorad  to  th*  preaaura  ia  the  flow*  Th* 
mentioned  preasure  oitiinuBa  indicate  the  presane*  in  internrib  hollow*  of  intensive 
eddy  fonaationa*  The  maationed  eirounatenaaa  indieata*  that  the  preasure  ia  an  erdi* 
nary  drainage  opening  is  nonstant  ia  heiid^t*  a*  it  was  ordinarily  asaumad.  In  drainag*** 
a*  shown  by  visual  observations^*;^  ar*  also  obsarvad  addiaa.  But  the  presane*  of  eddy 
does  not  distort  the  indioation  of  the  drainage*,  baeaus*  the  praasur*  on  th*  bottom 
of  the  opxning  or  past  the  eddy  down  in  depth  is  raaterad  to  th*  pressure  ia  th*  flow* 
The  effect  of  groove  width  b  was  isvastieatad  at  maTlniin  depth  a^  ma  for  the  purpoa* 
to  possibly  ellfflinat*  the  influane*  of  th*  valo*  a*  The  parameter  b  aequira*  a  vain* 

3l  5l  8|  l6  on.  In  axperimoit*  for  aaeh  oaa*  wa*  assurad  a  miffieiaatly  large  mai- 
ber  of  riba*  baaanaa  a  farther  ineraae*  ia  tbair  anter  did  not  ehang*  tb*  roMlii 
(sea  tab!*).  Braotiealiy  there  i*  no  apeeial  diffaranea  at  h  ■  l|3iS  ia  th*  affaeti'* 
vanes*  of  the  diffttaor  and  the  vain*  b  in  this  range  should  ba  ealaotad  from  taohnologj- 
cal  eonaideratioB**  When  b  the  affaet  diaappaara*  *ppar*atly*beeaa8*  of  ineraasfd 
resistanoa  when  flow  i*  directed  around  suoh  a  ayatam  of  rib*(fiaa). 
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In  tha  table  ore  also  gtran  date  on  tee  effeet  0t  tee  aaiber  If  vibe  on  tee 
affeetlTaDasa  of  a  finned  dlf fosor*  So  obtela  tee  efitet  It  is  9006800x7  to  teke  a  snail 
nunber  of  tfrootee*  nt  bel  on  are  reqaixed  I3  *ttn»  at  b  «  3  sevea  ribo»at 

b  ■  5  on  six  riba  •  A  further  ixtorease  in  ribs  does  aat  iaereasa  tea  effeetivaaass  of  tea 
diffuser* 

Uterntam 

1*  •tearflcnsshinoBtroarenijraP  KoJk«19to 

2*  T*X*lftMr  *  IbploeasrgstilBa*  lii>*4*  I96I 

3*  A*C&psoat  ^rdxaulies  and  its  Applieation*  CHa^ODsaiiarssiadatc  1594 

4*  H*Ibtera|  Sransfonaation  of  tesr|fb  Cboaa  flbatian  tepanelcn  at  Tariow 
Intake  Conditions*  tefflnaeriac  JMliMt  lftbJrl|94 

5*  A*X*liqr*  Xffaet  of  Ckooro  Otaaawite  te  AmHH  ftManre  laiiaatian  at  rarioas 
Be  Buatera*  Sagineering  ArohiTos  24*  book  9«  l^MBl*  1554a 
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DISTRIBUTION  LIST 


DEPARIMENT  OF  DEFENSE  Nr.  Copiaa 


MAJOR  AIR  COMMANDS  Nr.  Copltta 


HEADQUARTERS  USAF 

AFCIN-3D2  1 

ARL  (ARB)  1 


OTHER  AGENCIES 


CIA 

NSA 

DIA 

AID 

OTS 

AEC 

PWS 

NASA 

ARMY  (rare) 

NAVY 

MARC 

BAND 


1 

b 

9 

2 

2 

2 

1 

1 

3 

3 

\ 


AFSC 

SCFDD  I 
DDC  25 
TDBTL  5 
TOBDP  5 


SSD  (SSP)  2 
BSD  (BSP)  1 
APPTC  (PTT)  1 
APSVC  (SWP'  1 
ASD  (Asroi)  1 
BSD  (EST)  1 
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